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Introduction

Neutron Stars

Compact objects of extreme interest
In the multi messenger era of
astrophysics

4 Magnetic Fields up to ~ 10!°G on the surface,

4 Central densities up to several times P ,

4 Strongly asymmetric matter ( 2 < /1)

Thelir interior composition is still very poorly constrained !
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Introduction

How compact?
Neutron Star Sun Y 3 T B,
R~ 11— 14km R =~ 700.000km

pys ~ 100.000.000.000.000p

Credit: Lukas Weih, Goethe University

Roughly a hundred trillion times denser than the sun!
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Framework

Relativistic Mean Field Approximation

In our work we use two different Relativistic Mean Field (RMF) models in order to describe stellar
matter (hpem). In this approximation, the interaction between nucleons is mediated by mesons.

Leptons
Z) = Z iy, 00" — my|y;
Nucleons i=e.u

g
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Framework

Relativistic Mean Field Approximation

In our work we use two different Relativistic Mean Field (RMF) models in order to describe stellar
matter (hpem). In this approximation, the interaction between nucleons is mediated by mesons.

Leptons Mesons P = ! (aﬂ¢aﬂ¢ _ m2¢2)
. 2 °
Z) = Z l//i[}’ﬂla” _mi]l//i
Nucleons i=eu 1

1
_ U 2
‘gp—_ZB/a/.B’u +5mpbﬂ-b”

1
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L,=——Q, " +—m2V V
2 v

0, v
4 H

5p
T S/ P A%
<L =y [}/ﬂ(ld” g V¥ > T-b")—M ]1//l r
M* = M — g ¢ The mesons are then replaced with
o their ground state expectation value
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Relativistic Mean Field Approximation

We compare the results obtained with 4 different RMF models from the 2 main categories:

Non Linear Models
NL3

[G.A. Lalazissis, J. Konig,
and P. Ring, Phys. Rev. C
55,540 (1997)]
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Relativistic Mean Field Approximation

We compare the results obtained with 4 different RMF models from the 2 main categories:

Non Linear Models NL3wp
[C.J. Horowitz, J. Piekarewicz, Phys.
NL3 Rev. Lett. 86, 5647 (2001)]

[G.A. Lalazissis, J. Konig,
and P. Ring, Phys. Rev. C
55,540 (1997)]
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Relativistic Mean Field Approximation

We compare the results obtained with 4 different RMF models from the 2 main categories:

Non Linear Models NL3@wp EoS18
[C.J. Horowitz, J. Piekarewicz, Phys. [T. Malik, H. Pais, C. Providencia,
NL3 Rev. Lett. 86, 5647 (2001)] (2024), arXiv:2401.10842 [nucl-th]]

[G.A. Lalazissis, J. Konig,
and P. Ring, Phys. Rev. C
55,540 (1997)]
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We compare the results obtained with 4 different RMF models from the 2 main categories:

Non Linear Models NL3@wp EoS18
[C.J. Horowitz, J. Piekarewicz, Phys. [T. Malik, H. Pais, C. Providencia,
NL3 Rev. Lett. 86, 5647 (2001)] (2024), arXiv:2401.10842 [nucl-th]]

[G.A. Lalazissis, J. Konig,
and P. Ring, Phys. Rev. C
55,540 (1997)]

2.2
App8282V, Vb, - b

Density Dependent Models
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Framework

Relativistic Mean Field Approximation

We compare the results obtained with 4 different RMF models from the 2 main categories:

Non Linear Models NL3@wp EoS18
[C.J. Horowitz, J. Piekarewicz, Phys. [T. Malik, H. Pais, C. Providencia,
NL3 Rev. Lett. 86, 5647 (2001)] (2024), arXiv:2401.10842 [nucl-th]]

[G.A. Lalazissis, J. Konig,
and P. Ring, Phys. Rev. C
55,540 (1997)]

2.2
App8282V, Vb, - b

Density Dependent Models

SPG(M4)
[L. Scurto, H. Pais, F. Gulminelli, -« —— gi — ai + (bl + diXB)e—Cix with X = ,0/,0()

Phys. Rev. D 109, 103015 (2024)]
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We now introduce a magnetic field contribution in the Lagrangian density
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Framework

Introduction of the magnetic field

We now introduce a magnetic field contribution in the Lagrangian density

<L =y [}/ﬂ(zd” — g VF — %T b#) — M*]l//, - L =y [yﬂ(zaﬂ — g VF — %T b# — : ;T3 eAr) — M*]l//l
Lr= ) Wit —mlw, => L= ) [y, i0" + eA¥) — m]y,
I=e,l N 1=e,l
| w
OCZA —_ ZF/’WF

The main effect of the field is the Landau
Quantization for charged particles

3
Kk | |q|B F
Pi = 2 Pi = 22 Z g”kia’/
37 v=0
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How about temperature

Temperature does enters through the distribution function of all particles

f(E)

|
fi=Ok—kp) ——>  fro= rrenl

I + exp(——)
1/2
This affects the all thermodynamical quantities
k-F3 d3
.= _t _> j —
pl 371.2 ,0 [ (271_)3 (fk fk _|_)
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Framework

How about temperature

=0k —ky) —> fro=

This affects the all thermodynamical quantities

i —f ) 7

When both are present, we have both the integration
over momenta and the sum of Landau Levels

kP

- 372

> A= I(2ﬂ)3
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Temperature does enters through the distribution function of all particles

1/2

Temperature directly affects
the same quantities directly
affected by the magnetic
field
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10

The effect on the EoS of the magnetic
<— field appears to be very small and
decreases at higher densities

On the other hand, the effect of
....] temperature appears to be opposite to
10° the one of the magnetic field, but much

stronger

R
¥

Results

The effect of

temperature tends to
wash away the effect
of the magnetic field

- —— NL3
E —— NL3wp

—— EOS18 === T=0

—— SPG(M4) —-=- T=1MeV
B*=0 — T =50MeV
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In the case of the proton fraction, we see that the
magnetic field has the effect of increasing the quantity at
low densities and of creating the typical step-like
behaviour due to the Landau levels
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4 In the case of the EoS, the effect of the magnetic field is orders of magnitude bigger than
the one of the magnetic field and acts in the opposite sense

DTP 07/24 L. Scurto



Conclusions

Conclusions

Partially for

Yes for static :
dynamical

Is this a good
approximation ? B

roperties
ISR properties

4 In the case of the EoS, the effect of the magnetic field is orders of magnitude bigger than
the one of the magnetic field and acts in the opposite sense

4 In the case of the composition, magnetic field and temperature both tend to increase the
proton fraction, so the joint effect should be taken into account in the case of strong
magnetic field and intermediate temperatures
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